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1 - $D=290\mathrm{n}1\mathrm{m}$ , $H=50\mathrm{m}\mathrm{m}$ ,
. 2
, . $2d=20\mathrm{m}\mathrm{m}$ ,
$h=100\mathrm{m}\mathrm{m}$ . $d$ , $Q$
$Q/(\pi d)$ , $Re=Q/(\pi d\nu)$ . 20
. $\nu$ $1.004\mathrm{m}\mathrm{m}^{2}/\mathrm{s}$ . $Ro=6.0\cross 10^{4}$




. LDV FLV SYSTEM8851
DANTEC DYNAMICS BSA F60 , 1 $\mathrm{P}$ .


















3 ( ). $u\emptyset$ : $\mathrm{P}$ .




. 3 . 2 2 ,
. ( $.\backslash \cdot$ 0 )
665 . ,





$Re=1200$ $u\emptyset$ 4 . ,
( ) 5. . 4 $5(\mathrm{a})$ $z=10\mathrm{m}$m, $5(\mathrm{b})$




4 $u\emptyset$ ( ). $Re=1200$ , $z=10\mathrm{m}$m.
(a) (b)
5 ( ). $Re=1200$ . (a) $z=10\mathrm{m}\mathrm{m},$ (b) $z=30\mathrm{m}$m.





6 . , ’
. .
= . 7 .
$Re= \frac{Q^{*}}{\pi r_{2}^{*}\nu}$ , $Ro= \frac{Q^{*}}{2\pi r_{2}^{*3}\Omega}$ (1)
170
6 .
. , ( 7 $\mathrm{F}\mathrm{G}$ ) $Q^{*}/\pi r_{2}^{*2}$ $r_{2}^{*}$
1
$Q^{*}$ . ‘
. , $\nu$ .
7 .
$r_{2}^{*}$ $Q^{*}/\pi r_{2}^{*2}$ , )$1$
. $(’ \phi, z)$ .
$\phi$ , ( 7 ABCDEFGA)
. , $\psi(r, z, t)$ .
$u_{f}$ $u_{z}\text{ }$
$u_{r}= \frac{1}{r}\frac{\partial\psi}{\partial z}$ , $u_{z}=- \frac{1}{r}\frac{\partial\psi}{\partial r}$ (2)
.
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$\psi(r, z, t)$ , $\omega\emptyset(r, z, t)$ , $u\emptyset(r, z, t)$ .
$\Omega$ , .
, ,
$\frac{\partial\omega_{\phi}}{\partial t}-J(\psi, \omega_{\phi})-\frac{1}{r^{2}}\omega_{\phi^{\frac{\partial\psi}{\partial z}-}}(\frac{2}{r}$u$\phi+\frac{1}{Ro}$) $\frac{\partial u_{\phi}}{\partial z}=\frac{1}{Re}(\Delta_{2}\omega_{\phi}-\frac{\omega_{\phi}}{r^{2}}$ ), $(3)$
$\frac{\partial u_{\phi}}{\partial t}-J(\psi, u_{\phi})+\frac{1}{r^{2}}u_{\phi^{\frac{\partial\psi}{\partial z}+\frac{1}{Ro}\frac{1}{r}\frac{\partial\psi}{\partial z}=}}\frac{1}{Re}(\Delta_{2}u_{\phi}-\frac{u_{\phi}}{r^{2}})$ , (4)
$\omega_{\phi}=\frac{1}{r}D^{2}\psi$ (5)
. ,
$J(g, h) \equiv\frac{1}{r}(\frac{\partial g}{\partial r}\frac{\partial h}{\partial z}-\frac{\partial g}{\partial z}\frac{\partial h}{\partial r})$ :
$\Delta_{2}\equiv\frac{\partial^{2}}{\partial r^{2}}+\frac{1}{r}\frac{\partial}{\partial r}+\frac{\partial^{2}}{\partial z^{2}}$, $D^{2} \equiv\frac{\partial^{2}}{\partial r^{2}}-\frac{1}{r}\frac{\partial}{\partial r}+\frac{\partial^{2}}{\partial z^{2}}$
. ,
.
, ( 7 AB) 0
. , , 0 .
$\psi=\psi_{0}$ , $\frac{\partial\omega_{\phi}}{\partial z}=0$ , $\frac{\partial u_{\phi}}{\partial z}=0$ . (6)
, $\psi_{0}$ . ( 7 $\mathrm{B}\mathrm{C}$ ) . ,
,
$\psi=\frac{Q}{2\pi r_{1}d}rz+\psi_{1}$ , $\omega_{\phi}=0$ , $u_{\phi}=0$ (7)
. , $\psi_{1}$ . , $\psi_{2}$ , ( 7 CDEF)
$\psi=\psi_{2}$ , $\omega_{\phi}=\frac{1}{r}D^{2}\psi$ , $u_{\phi}=0$ , $\frac{\partial\psi}{\partial r}=0$ (8)
. ( 7 $\mathrm{F}\mathrm{G}$ ) .
$\frac{\partial^{2}\psi}{\partial z^{2}}=0$ , $\frac{\partial\omega_{\phi}}{\partial z}=0$ , $\frac{\partial u_{\phi}}{\partial z}=0$ . (9)
, ( 7 $\mathrm{G}\mathrm{A}$) , (0
$\psi=0$ , $\omega_{\phi}=0$ , $u_{\phi}=0$ (10)
.
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9 . $Re=625,$ $Ro=\infty$ . (a) , (b) u .
, SOR . , ,
\mbox{\boldmath $\omega$} u , .
$\frac{\sum_{i=0}^{M}\sum_{j_{-}^{-}0}^{N}|(\omega_{\phi},u_{\phi})_{i,j}^{t+\mathrm{J}}-(\omega_{\phi},u_{\phi})_{i,j}^{t}|}{\sum_{i=0}^{M}\sum_{j=0}^{N}|(\omega_{\phi},u_{\phi})_{i,j}^{t+1}|}<10^{-10}$.
3-2. $’\backslash$
$r_{1}=15,$ $r_{2}=1,$ $z_{1}=5,$ $z_{2}=10$ , $(Ro=\infty)$
$(Ro=5000)$ , $0<Re\leq 1000$ . 7
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$Re=625$ 9 . $9(\mathrm{a})$
, .
. $Re=625$ $u_{r}$ $z$ 10
. $u_{r}$ ,
.
, Noguchi et al. Anderson et al.
. $z=1.0$ $u_{\phi}$ 11 - $u_{\phi}$
$r$ $u_{\phi}\propto r$ , $r=0.4$ . $(r=1.0)$
$u_{\phi}\propto r^{-1}$ . $z=1.0$ $\omega_{z}(=1/r\cross\partial’(ru\phi)/\partial r)$
12 . $\omega_{z}$ , $(r\leq 1)$










11 $u\emptyset$ . $Re=625,$ $Ro=\infty$ .
(4) .
$-J( \psi, \omega_{\phi})-\frac{1}{r^{2}}\omega_{\phi^{\frac{\partial\psi}{\partial z}-}}$ ( $\frac{2}{r}$u$\phi+\frac{1}{Ro})\frac{\partial u_{\phi}}{\partial z}=\frac{1}{Re}(\Delta_{2}\omega_{\phi}-\frac{\omega\phi}{r^{2}}$), (11)
$-J( \psi, u_{\phi})+\frac{1}{r^{2}}u_{\phi^{\frac{\partial\psi}{\partial z}+\frac{1}{Ro}\frac{1}{r}\frac{\partial\psi}{\partial z}=}}\frac{1}{Re}(\Delta_{2}u_{\phi}-\frac{u_{\phi}}{r^{2}})$ (12)
SOR , $(6)-(10)$ (11)-(12) .
$u\emptyset$ 0 .
, 2




9) . ( )
, .
, . $\overline{\psi}$ $\overline{u}\phi$ $\psi’(r, z, t)$
$u_{\phi}’$ (r, $z,$ $t$ ) , $\psi$ $u\emptyset$ $\psi=\overline{\psi}+\psi’,$ $u\emptyset=\overline{u}\emptyset+u_{\phi}’$ -
,
$\frac{\partial\omega_{\phi}’}{\partial t}$
$=$ $J( \overline{\psi},\omega_{\phi}’)+J(\psi’,\overline{\omega}_{\phi})+\frac{1}{r^{2}}\frac{\partial\overline{\psi}}{\partial z}\omega_{\phi}’+\frac{1}{r^{2}}\frac{\partial\psi’}{\partial z}\overline{\omega}_{\phi}+\frac{1}{Re}(\Delta_{2}\omega_{\phi}’-\frac{\omega_{\phi}’}{r^{2}})$ ,
$\omega_{\phi}’$ $=$ $\frac{1}{r}D^{2}\psi’$ ,
$\frac{\partial u_{\phi}’}{\partial t}$
$=$
$J( \overline{\psi},u_{\phi}’)-\frac{1}{r^{2}}\frac{\partial\overline{\psi}}{\partial z}$u$\phi’+\frac{1}{Re}(\Delta_{2}$u$’ \phi-\frac{u_{\phi}’}{r^{2}})$ (13)
, $\psi’$ $u_{\phi}’$ . , $\psi’\neq 0$






















12 $\omega_{z}$ . $Re=625,$ $Ro=\infty$ .
. $\psi’=0$ .
$u’\phi$ ( $r,$ $z$ , t)=\^u $\emptyset(r, z)\exp(\lambda t)$ . , $\lambda$ , ,
,
. $u_{\phi}’$ (13) 3 $\mathrm{f}$ $\lambda$
$\lambda\hat{u}_{\phi}-J(\overline{\psi},\hat{u}_{\phi})+\frac{1}{r^{2}}\frac{\partial\overline{\psi}}{\partial z}\hat{u}_{\phi}=\frac{1}{Re}(\Delta_{2}\hat{u}_{\phi}-\frac{\hat{u}\emptyset}{r^{2}})$ (14)
. \^u\phi
$\frac{\partial\hat{u}_{\phi}}{\partial z}=0$ (AB), $\hat{u}_{\phi}=0$ (CDEF)
$\frac{\partial\hat{u}_{\phi}}{\partial r}=0$ , (BC), $\frac{\partial^{2}\hat{u}_{\phi}}{\partial z^{2}}=0$ (FG) (15)
.
$\lambda$ (14) $\lambda$ ,
SOR (15) $<1$ 2 ,
. SOR ,
$\mathrm{A}$
$\mathrm{a}$ , $10^{-10}$ . , 7
$\mathrm{R}$ .
13 . $\lambda$ 0 ,
$Re=593.8$ . , / $Re_{c}=593.8$
, Re>Re . ,
, 1% .
$\hat{u}_{\phi}$ $Re=625$ 14 - 14 [
$[]\mathrm{h}$
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